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INDICATING RELATIONSHIPS BETWEEN
WINDOWS ON A COMPUTING DEVICE

This application claims the benefit of U.S. Provisional
Patent Application No. 61/930,341, filed Jan. 22, 2014, the
entire content of which is incorporated herein by reference.

BACKGROUND

A computing device may output a plurality of graphical
windows (i.e., windows) for display. For instance, many
modern operating systems have user interfaces are capable
of displaying multiple windows in a single graphical user
interface region. The positioning of multiple windows may
be based on absolute x, y coordinate values of each window
within the single graphical user interface (GUI) region. The
windows may include different content. For example, one
window may include a draft email message and another
window may include a spreadsheet.

In some instances, not all open windows are displayed at
once. For example, the computing device may temporarily
hide some windows from view while keeping the windows
available for use. Hiding some windows from view may
allow the user to use the available area of a display device
efficiently. For example, when a user is multi-tasking, the
user may wish to temporarily hide windows associated with
a first task while working on a second task, and then un-hide
the windows associated with the first task when working on
the first task again.

In order to enable hiding and un-hiding of windows, the
computing device may provide a GUI that enables the user
to select which hidden windows to un-hide. In other words,
the computing device may output, for display, a window
selection GUI. The window selection GUI may include
representations of windows. The organization of the repre-
sentations of the windows in the window selection GUI may
be arbitrary and/or agnostic to content and context. Respon-
sive to receiving an indication of input to the window
selection GUI, the computing device may output, for dis-
play, a previously hidden window. However, when there are
many open windows, it may be difficult for the user to
indicate to the computing device which window to un-hide.

SUMMARY

In one example, this disclosure describes a method com-
prising: outputting, by a computing device, for display, an
arrangement of a set of windows organized into one or more
visual stacks, wherein each respective visual stack from the
one or more visual stacks comprises a respective subset of
the set of windows sequenced based on a characteristic;
determining, by the computing device, that a first window
from the set of windows has a particular relationship with a
second window from the set of windows, wherein the
particular relationship is not based on the characteristic; and
outputting, by the computing device, responsive to the
determining, and for display, a visual indication of the first
window, wherein the visual indication of the first window
visually differentiates the first window from windows from
the set of windows not having the particular relationship
with the second window.

In another example, this disclosure describes a computing
device comprising one or more processors configured to:
output, for display, an arrangement of a set of windows
organized into one or more visual stacks, wherein each
respective visual stack from the one or more visual stacks
comprises a respective subset of the set of windows
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sequenced based on a characteristic; determine that a first
window from the set of windows has a particular relation-
ship with a second window from the set of windows,
wherein the particular relationship is not based on the
characteristic; and responsive to the determining, output, for
display, the visual indication of the first window and a visual
indication of the second window, wherein the visual indi-
cation of the first window and the visual indication of the
second window visually differentiate the first window and
the second window from windows from the set of windows
not having the particular relationship with the first window
and the second window.

In another example, this disclosure describes a non-
transitory computer-readable data storage medium having
instructions stored thereon that, when executed by one or
more processors of a computing device, cause the comput-
ing device to: output, for display, an arrangement of a set of
windows organized into one or more visual stacks, wherein
each respective visual stack from the one or more visual
stacks comprises a respective subset of the set of windows
sequenced based on a recentness of use of the set of
windows; determine that a first window from the set of
windows has a particular relationship with a second window
from the set of windows, wherein any two windows in the
set of windows have the particular relationship if the com-
puting device opened one of the two windows in response to
an indication of user input directed to another one of the two
windows; and responsive to the determining, output, for
display, the visual indication of the first window and a visual
indication of the second window, wherein the visual indi-
cation of the first window and the visual indication of the
second window visually differentiate the first window and
the second window from windows from the set of windows
not having the particular relationship with the first window
and the second window.

One or more examples are set forth in the accompanying
drawings and the description below. Other features, objects,
and advantages will be apparent from the description, draw-
ings, and claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a conceptual diagram illustrating an example
computing device, in accordance with one or more examples
of the present disclosure.

FIG. 2 is a block diagram illustrating an example com-
puting device, in accordance with one or more examples of
the present disclosure.

FIG. 3 is a block diagram illustrating an example in which
a computing device outputs graphical content for display at
one or more remote display devices, in accordance with one
or more examples of the present disclosure.

FIG. 4 is conceptual diagram illustrating an example
configuration of a window utilization graphical user inter-
face (GUI), in accordance with an example of this disclo-
sure.

FIG. 5 is a conceptual diagram illustrating an example
configuration of a window selection GUI, in accordance
with an example of this disclosure.

FIG. 6 is a conceptual diagram illustrating an example
configuration of the window selection GUI, in accordance
with an example of this disclosure.

FIG. 7 is a conceptual diagram illustrating an example
configuration of the window selection GUI, in accordance
with an example of this disclosure.
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FIG. 8 is a conceptual diagram illustrating an example
configuration of the window utilization GUI, in accordance
with an example of this disclosure.

FIG. 9A is a conceptual diagram illustrating an example
gesture to move a window from one visual stack to another
visual stack in the window selection GUI, in accordance
with an example of this disclosure.

FIG. 9B is a conceptual diagram illustrating an effect of
the example gesture of FIG. 9A.

FIG. 10A is a conceptual diagram illustrating an example
configuration of the window utilization GUI, in accordance
with an example of this disclosure.

FIG. 10B is a conceptual diagram in which the window
selection GUI and the window utilization GUI are displayed
concurrently, in accordance with an example of this disclo-
sure.

FIG. 10C is a conceptual diagram in which the window
utilization GUI includes a window already included in the
window utilization GUI and a head window of a stack, in
accordance with an example of this disclosure.

FIG. 11A is a conceptual diagram in which the window
selection GUI and the window utilization GUI are displayed
concurrently, in accordance with an example of this disclo-
sure.

FIG. 11B is a conceptual diagram illustrating an example
configuration of the window selection GUI and the window
utilization GUI in which a window included in the window
utilization GUI is updated when the head window of a stack
displayed in window selection GUI changes, in accordance
with an example of this disclosure.

FIG. 12A is a conceptual diagram illustrating an example
configuration of the window selection GUI, in accordance
with an example of this disclosure.

FIG. 12B is a conceptual diagram illustrating an example
configuration of the window selection GUI, in accordance
with an example of this disclosure.

FIG. 13A is a conceptual diagram illustrating an example
configuration of the window selection GUI, in accordance
with an example of this disclosure.

FIG. 13B is a conceptual diagram illustrating an example
configuration of the window selection GUI, in accordance
with an example of this disclosure.

FIG. 14A is a conceptual diagram illustrating an example
configuration of the window selection GUI, in accordance
with an example of this disclosure.

FIG. 14B is a conceptual diagram illustrating an example
configuration of the window selection GUI, in accordance
with an example of this disclosure.

FIG. 15 is a flowchart illustrating an example operation of
the computing device, in accordance with an example of this
disclosure.

FIG. 16 is a flowchart illustrating an example operation of
the computing device, in accordance with an example of this
disclosure.

FIG. 17 is a flowchart illustrating an example operation of
the computing device, in accordance with an example of this
disclosure.

FIG. 18A is a conceptual diagram illustrating an example
configuration of the window selection GUI, in accordance
with an example of this disclosure.

FIG. 18B is a conceptual diagram illustrating an example
configuration of the window selection GUI in which win-
dows not having a particular relationship with a head
window of a stack are hidden, in accordance with an
example of this disclosure.

DETAILED DESCRIPTION

In some implementations, a computing device may define
a plurality of graphical windows. For ease of explanation,
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this disclosure may refer to such graphical windows simply
as “windows.” Each of the windows may contain graphical
content output by one or more applications. For example,
one window may contain graphical content generated by a
web browser application and another window may contain
graphical content generated by a spreadsheet application.

As described herein, the computing device may output,
for display, a window selection graphical user interface
(GUI) that enables a user to select one or more windows
from the set of windows. When the user has selected one or
more windows, the computing device may output, for dis-
play, a window utilization GUI in place of the window
selection GUI. The window utilization GUI may include the
selected windows. In some implementations, when the win-
dows are included in the window utilization GUI, the
features contained in the windows are available for use by
the user.

In accordance with some examples of this disclosure, the
window selection GUI comprises an arrangement of the
windows organized into one or more visual stacks. For ecase
of explanation, this disclosure may refer to such visual
stacks of windows as simply “stacks.” In some implemen-
tations, each respective stack comprises a respective subset
of the set of windows, and the windows within the subset are
sequenced based on a characteristic. For example, a window
may be positioned within a stack based on how recently the
window was included in the window utilization GUI or
otherwise displayed for use by the user. Furthermore, in
accordance with some examples of this disclosure, the
computing device may determine that particular windows in
the set of windows have a particular relationship with one
another. For example, the computing device may determine
that a first window was opened from a second window.

The computing device may output, responsive to such a
determination, visual indications of windows that have the
particular relationship with one another. For example, the
computing device may output, responsive to a determination
that a first window has the particular relationship with the
second window, visual indications of the first and second
windows that visually differentiate the first and second
windows from windows from the set of windows not having
the particular relationship with the first and second win-
dows. In this way, the user may be able to identify easily
windows in the stacks that have the particular relationship,
which may make it easier for the user to select one or more
windows from the set of windows to be included in the
window utilization GUI. Thus, in the absence of such visual
indicators, it may be difficult for users to quickly and easily
organize and display windows, particularly if the user’s
workflow is non-linear.

FIG. 1 is a conceptual diagram illustrating an example
computing device 2 in accordance with one or more
examples of this disclosure. Computing device 2 may be
various types of computing devices. For example, comput-
ing device 2 may be a mobile device, such as a mobile
telephone, a tablet computer, a notebook or laptop computer,
a personal media player, a portable gaming device, or
another type of computing device designed for mobility. In
other examples, computing device 2 may be other types of
computing devices, such as desktop computers, point of sale
devices, televisions, gambling devices, appliances, in-car
computers, and other types of devices. Furthermore, in some
examples, the term “computing device” may refer to a set of
one or more integrated circuits, such as microprocessors,
chipsets, and so on.

In the example of FIG. 1, computing device 2 includes at
least one user interface (UI) device 4. Ul device 4 may
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comprise a display device that displays graphical data and
may also comprise a presence-sensitive input device that
detects the presence of one or more input objects, such as
fingers or styli. Because Ul device 4 may display graphical
data and may detect the presence of one or more input
objects, Ul device 4 may be referred to as a presence-
sensitive display device. Ul device 4 may be implemented
using various technologies. For example, Ul device 4 may
be implemented using a resistive touchscreen, a surface
acoustic wave touchscreen, a capacitive touchscreen, a pro-
jective capacitance touchscreen, an acoustic pulse recogni-
tion touchscreen, or another touchscreen technology. In
some examples, Ul device 4 may be able to detect the
presence of an input object without the input object physi-
cally touching Ul device 4. For example, in some such
examples, Ul device 4 may be able to detect the presence of
the input object when the input object is within a particular
space. In examples where Ul device 4 comprises a presence-
sensitive input device, Ul device 4 may provide indications
of user input to computing device 2. The indications of user
input may indicate the presence and/or movement of input
objects.

UI device 4 may be operatively coupled to computing
device 2 in various ways. For example, Ul device 4 may be
integrated into a housing of computing device 2 and may be
connected to computing device 2 via one or more internal
connectors. In another example, UI device 4 may be external
to a housing of computing device 2 and may communicate
with computing device 2 via one or more external cables
and/or communication networks.

Although the example of FIG. 1 assumes that Ul device
4 is a presence-sensitive display device, the techniques of
this disclosure are not so limited. In other examples, Ul
device 4 may be a display device that does not detect the
presence of input objects. In some such examples, another
device (e.g., one or more cameras, motion sensors, and/or
other types of sensors) may detect the presence of input
objects. In some examples, computing device 2 may receive
indications of user input from other devices, such as physical
keyboards and mice.

As shown in the example of FIG. 1, computing device 2
comprises a window management module 6. Furthermore, in
the example of FIG. 1, computing device 2 comprises one or
more application modules 8A-8N (collectively, “application
modules 8”). Window management module 6 and applica-
tion modules 8 may each comprise executable instructions
that, when executed by one or more processors (e.g., micro-
processors) of computing device 2, cause computing device
2 to perform particular functions. In other examples, win-
dow management module 6 and/or application modules 8
may be implemented at least partially in hardware.

As described in this disclosure, window management
module 6 may provide window management functionality to
computing device 2. Application modules 8 may cause
computing device 2 to provide applications, such as web
browser applications, office productivity applications,
games, operating system applications, social media applica-
tions, and so on. Application modules 8 may use the window
management functionality of window management module
6 to output graphical content in windows.

In the example of FIG. 1, window management module 6
outputs a window utilization graphical user interface (GUI)
10 for display at Ul device 4. In general, a GUI may be a
type of user interface that allows a user to use images to
interact with a computing device. Window utilization GUI
10 includes one or more windows. Each of the one or more
windows may contain graphical content for an application,
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6

document, game, operating system application, etc. When
window management module 6 outputs window utilization
GUI 10 for display and window utilization GUI 10 includes
a particular window, the user may use interact with features
displayed within the window.

For instance, in the example of FIG. 1, window utilization
GUI 10 includes a window 12. Window 12 is a window for
composing an email message. Thus, when window manage-
ment module 6 outputs window utilization GUI 10 for
display and window utilization GUI 10 includes window 12,
computing device 2 may receive indications of user input to
compose an email message and may output, for display
within window 12, data based on the user input (e.g., text of
the email message). In other examples, window utilization
GUI 10 may include windows associated with other tasks or
applications, such as word processors, spreadsheets, web
browsers, games, and so on.

In some examples, the one or more windows included in
window utilization GUI 10 may occupy all or the substan-
tially all of the usable area of window utilization GUI 10.
For example, the one or more windows included in window
utilization GUI 10 may occupy all of the usable area of
window utilization GUI 10 except for particular borders
(e.g., so-called “chrome” around the one or more windows)
and/or onscreen controls (e.g., buttons, status bars, etc.).
Furthermore, in some such examples, window utilization
GUI 10 may occupy all or substantially all of the usable area
of a display screen (e.g., a display screen of user interface
device 4). Thus, in such examples, window management
module 6 may output a particular window for display in a
so-called “full screen” mode because the particular window
occupies all or substantially all of the window utilization
GUI 10 and window utilization GUI occupies all or sub-
stantially of the usable area of the display screen. Further-
more, window management module 6 may output two
particular windows for display within window utilization
GUI 10 in a so-called “split screen” mode because all or
substantially all of the usable area of window utilization
GUI 10 is split between the two particular windows and
window utilization GUI 10 occupies all or substantially of
the usable area of the display screen.

A user of computing device 2 may wish to change which
window or windows are included in window utilization GUI
10. Accordingly, computing device 2 is configured to receive
an indication of a user input to display a window selection
GUI 14. Responsive to the indication of the user input,
window management module 6 may output window selec-
tion GUI 14 for display in place of window utilization GUI
10.

In different examples, window management module 6
may output window selection GUI 14 in response to indi-
cations of different types of user input. For example, window
management module 6 may output window selection GUI
14 in place of window utilization GUI 10 in response to
receiving an indication that a user has depressed a particular
physical button or key. In another example, window man-
agement module 6 may output window selection GUI 14 in
place of window utilization GUI 10 in response to receiving
an indication that a user has touched or otherwise selected an
onscreen control (e.g., an onscreen button, slider, or another
type of onscreen feature for user interaction). In another
example, computing device 2 may receive an indication,
from one or more sensors, that the user has performed a
“pushing” gesture. The user may perform the “pushing”
gesture by moving, while the fingers of the user’s hand are
spread, the user’s hand within a space in front, from the
user’s perspective, of an area where the user perceives
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window utilization GUI 10 to be displayed, toward the area
where the user perceives window utilization GUI 10 to be
displayed. For instance, if a display screen displays window
utilization GUI 10, the user may perform the “pushing”
gesture by spreading the fingers of the user’s hand and
moving the user’s hand toward the display screen. Thus,
performing the “pushing” gesture may be cognitively analo-
gous to the act of pushing, in a 3-dimensional fashion,
windows included in window utilization GUI 10 deeper into
the display screen.

Window management module 6 may concurrently main-
tain a plurality of so-called “open” windows in addition to
the windows included in window utilization GUI 10. In this
disclosure, window management module 6 may maintain, in
memory or another type of storage media, state data for each
of the “open” window. The state data for a window may
include data that indicate content of the window (i.e., the
content to be displayed in the window when the window is
included in window utilization GUI 10). The state data for
a window may also include data indicating states of one or
more processes and/or threads that control the content of the
window. In some examples, processes and/or threads of a
single application may control the content of multiple win-
dows.

Window selection GUI 14 may enable a user of comput-
ing device 2 to select one or more of the “open” windows to
be the windows included in window utilization GUI 10. In
other words, window selection GUI 14 may enable the user
to select one or more “hidden” windows to be the windows
shown and available for use by the user. In accordance with
some examples of this disclosure, window selection GUI 14
may include an arrangement of the “open” windows orga-
nized into one or more stacks. Each respective stack from
the one or more stacks comprises a respective subset of the
“open” windows. In some examples where window selec-
tion GUI 14 only includes a single stack, the stack may
include each of the “open” windows. Opening a window
may involve computing device 2 (e.g., window management
module 6 of computing device 2) starting to maintain state
data for the window.

In some examples, each of the stacks may be cognitively
analogous to a 3-dimensional stack of cards, where each of
the cards is a different “open” window. Thus, windows that
are lower in the stack are at least partially obscured by
windows that are higher in the stack.

In the example of FIG. 1, window selection GUI 14
includes a stack 16. As shown in FIG. 1, stack 16 includes
windows 12, 18, 20, and 22. Window 12 partially obscures
the additional windows in stack 16.

Window management module 6 may sequence the win-
dows of a stack based on a characteristic. For example,
window management module 6 may sequence, within a
stack, each window of the stack based on how recently the
window was included in window utilization GUT 10. Thus,
in this example, windows that were recently included in
window utilization GUI 10 may be higher in the stack than
windows that have not been recently included in window
utilization GUI 10. In another example, each window of a
stack may be sequenced in the stack based on frequency with
which the window has been included in window utilization
GUI 10. Thus, in this example, windows frequently included
in window utilization GUI 10 may be higher in the stack
than windows that are infrequently included in window
utilization GUI 10, even if one of the infrequently included
windows was included in window utilization GUI 10 more
recently than one of the frequently included windows.
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For each respective stack in the one or more stacks in
window selection GUI 14, there is a “head” window for the
respective stack and a “tail” window for the respective stack.
The head window of a stack and the tail window of the stack
are windows at opposite ends of the stack. In some
examples, the head window of a stack may be a most
prominently displayed window of the stack. For example,
the head window of a stack may be a window of the stack
that is not obscured by any other window of the stack. In the
example of FIG. 1, window 12 is the head window of stack
16 because window 12 is not obscured by any other window
of stack 16. In some examples, higher windows in the stack
may completely obscure the tail window of the stack.

For any two windows a and b in a stack, if a is closer
sequentially to the head window of the stack than b, a is
“higher” in the stack than b. Likewise, for any two windows
a and b in a stack, if a is closer sequentially to the tail
window of the stack than b, a is “lower” in the stack than b.
Thus, the head window of a stack is the highest window in
the stack and the tail window of the stack is the lowest
window in the stack. Despite the terminology of “higher”
and “lower,” it shall be appreciated that in some example
configurations of window selection GUI 14 (such as the
example configuration shown in the example of FIG. 1),
windows that are lower in a stack may be displayed at
locations above windows that are higher in the stack. In
other examples, windows that are lower in a stack may be
displayed at other locations (e.g., below, left, right, etc.)
relative to windows that are higher in the stack.

Window management module 6 may output window
utilization GUI 10 for display in place of window selection
GUI 14. In some examples, window management module 6
may output window utilization GUI 10 in place of window
selection GUI 14 responsive to receiving an indication of a
particular user input. When window management module 6
outputs window utilization GUI 10 for display in place of
window selection GUI 14, window utilization GUI 10 may
include the head window of a stack displayed in window
selection GUI 14, but not other windows in the stack. Thus,
in the example of FIG. 1, if window 12 is the head window
of stack 16 when window management module 6 outputs
window utilization GUI 10 for display in place of window
selection GUI 14, window utilization GUI 10 includes
window 12, but not the additional windows in stack 16.

Responsive to one or more indications of user input,
window management module 6 may update, in window
selection GUI 14, which window of a stack is the head
window of the stack. Thus, by providing user input to
change which window is the head window of the stack, the
user may select which window of the stack is to be included
in window utilization GUI 10 when window management
module 6 outputs window utilization GUI 10 for display in
place of window selection GUI 14.

For example, a first window may be a head window of a
stack in window selection GUI 14. In this example, if the
first window is the head window of the stack when window
management module 6 outputs window utilization GUI 10
for display in place of window selection GUI 14, window
utilization GUI 10 includes the first window, but not other
windows of the stack. In this example, responsive to one or
more indications of user input, window management module
6 may output window selection GUI 14 for display such that
a second window is the head window of the stack instead of
the first window. Thus, in this example, if the second
window is the head of the stack when window management
module 6 outputs window utilization GUI 10 for display in
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place of window selection GUI 14, window utilization GUI
10 includes the second window and not the first window.

In different examples, window management module 6
may update, responsive to indications of different types of
user input, which window of a stack is the head window of
the stack. For example, window management module 6 may
update which window of a stack is the head window of the
stack in response to receiving an indication of a swipe
gesture. For instance, in the example of FIG. 1, window
management module 6 may, responsive to receiving an
indication of a downward swipe gesture, visually send
window 12 to a lowest position in stack 16 and the next-
highest window (i.e., window 18) in stack 16 becomes the
head window of stack 16. Conversely, in the example of
FIG. 1, window management module 6 may, responsive to
receiving an indication of an upward swipe gesture, make
the tail window (i.e., window 22) in stack 16 the head
window of stack 16 and may visually push the previous head
window of stack 16 (i.e., window 12) to a next-lower
position in stack 16. Thus, in this example, the upward and
downward swipe gestures may be cognitively analogous to
flipping backward and forward through cards in a circular
rolodex. A swipe gesture is a gesture in which a user moves
an input object, such as a finger or stylus, in a swiping
motion. In other examples, window management module 6
may update which window of a stack is the head window of
the stack in response to receiving an indication that a user
has depressed a physical button, selected or otherwise inter-
acted with an onscreen control, or otherwise provided a
particular user input.

There may be particular relationships between particular
windows shown in the one or more stacks of window
selection GUI 14. These relationships may be different from
the characteristic upon which window management module
6 sequences the windows in the one or more stacks. For
example, a first window may be related to a second window
by virtue of window management module 6 opening the first
window in response to an indication of user input received
via (e.g., directed to) the second window. In other words,
two windows may have the particular relationship if com-
puting device 2 opened one of the two windows in response
to an indication of user input directed to another one of the
two windows. Thus, in this example, window management
module 6 may maintain parent-child relationships between
visually-displayable windows (presented in window selec-
tion GUI 14 as “cards”) in order to later recall a related
group of windows.

In the example of FIG. 1, window 12 includes a draft of
an email message and window 20 includes an email inbox.
In this example, window management module 6 may have
opened window 12 in response to receiving an indication of
user input to select an onscreen control in window 20.
Hence, in this example, window 12 and window 20 may
have a particular relationship.

In another example, a first window may be related to a
second window by virtue of the first and second window
being updated by the same application. For instance, the first
and second windows may contain views of different web-
pages but both the first and second windows may be updated
the same web browser application. In another example, a
first window and a second window may have a particular
relationship by virtue of the first and second windows
including similar content. In other words, two windows have
the particular relationship if the two windows contain related
subject matter. In another example, a first window may have
a particular relationship with a second window if the first
and second windows are of the same application type (e.g.,
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the first and second windows are web browser windows,
office productivity windows, etc.).

In another example, windows that relate to the same user
context may have the particular relationship. For instance, if
a first user of computing device 2 is using computing device
2 to communicate with a second user, window management
module 6 may maintain one or more relationships between
windows that each include communications or content from
the second user (e.g., email, instance message, etc.). In
another example, the particular relationship may be based on
geographic location information. For instance, in this
example, window management module 6 may determine
that a maps application window has a particular relationship
with a web browser window when the web browser window
contains information that relates to a location displayed or
searched for in the maps application window. In other
examples, window management module 6 may establish
relationships based on social networking information, time,
and so on. In still other examples, responsive to receiving an
indication of user input to drag and drop content from one
window to another window, window management module 6
may create a relationship based on copying and pasting
content from one relationship to another. In another
example, window management module 6 may determine
that two windows are related in response to receiving an
indication of user input that explicitly indicates that the two
windows are related. In other examples, windows may be
related according to other relationships.

Users may want to switch frequently between related
windows. However, the locations within a stack of related
windows may not be readily apparent. For instance, in the
example of FIG. 1, the user may want to refer back to the
user’s inbox when composing a draft email in window 12
(e.g., to look for previous email messages from a person to
whom the draft is addressed). Hence, in this example, the
user may want window 20 to be included in window
utilization GUI 10 in place of window 12. However, since
higher windows in stack 16 (e.g., window 12, window 18,
etc.) at least partially obscure lower windows in stack 16 and
window 20 may be buried deeply in stack 16, the location
within stack 16 of window 20 may not be readily apparent.
As aresult, the user may have to provide multiple user inputs
to scan through the windows of stack 16 one at a time until
window 20 is the head window of stack 16.

Hence, in accordance with one or more examples of this
disclosure, window management module 6 may output,
responsive to determining that a first window and a second
window have a particular relationship, a visual indication of
the first window that visually differentiates the first window
from windows from the set of windows not having the
particular relationship with the second window. For
instance, in the example of FIG. 1, window management
module 6 may determine that windows 12 and 20 are related.
In this example, window management module 6 output, for
display, labels 24 and 26 that identify windows 12 and 20.
Windows 18 and 22 do not have the particular relationship.
Hence, in the example of FIG. 1, window management
module 6 does not output labels for windows 18 and 22. In
other examples, window management module 6 may output
different types of visual indications that visually differentiate
windows related by the particular relationship from win-
dows not related by the particular relationship.

Thus, in accordance with one or more examples of this
disclosure, computing device 2 may output an arrangement
of a set of windows organized into one or more stacks,
wherein each respective stack from the one or more stacks
comprises a respective subset of the set of windows
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sequenced based on a characteristic. Furthermore, comput-
ing device 2 may determine that a first window from the set
of windows has a particular relationship with a second
window from the set of windows, wherein the particular
relationship is not based on the characteristic. In addition,
computing device 2 may output, responsive to the determin-
ing, for display, a visual indication of the first window,
wherein the visual indication of the first window visually
differentiates the first window from windows from the set of
windows not having the particular relationship with the
second window.

FIG. 2 is a block diagram illustrating an example con-
figuration of computing device 2, in accordance with one or
more examples of this disclosure. For purposes of illustra-
tion, the discussion of FIG. 2 and the following figures
includes continued references to FIG. 1. However, the
techniques of this disclosure are not so limited. FIG. 2
illustrates only one particular example of computing device
2, and many other example configurations of computing
device 2 exist.

As shown in the example of FIG. 2, computing device 2
includes one or more processors 30, one or more input
devices 32, one or more communication units 34, one or
more output devices 36, one or more storage devices 38, one
or more communication channels 40, and UI device 4.
Computing device 2 may include many other components.
For example, computing device 2 may include physical
buttons, microphones, speakers, communication ports, and
SO on.

Communication channel(s) 40 may interconnect each of
the components 30, 32, 34, 36, 38, and 4 for inter-component
communications (physically, communicatively, and/or
operatively). In some examples, communication channel(s)
40 may include a system bus, a network connection, an
inter-process communication data structure, or any other
method for communicating data.

Storage device(s) 38 may store information required for
use during operation of computing device 2. Storage
device(s) 38, in some examples, have the primary purpose of
being a short term and not a long-term computer-readable
storage medium. Storage device(s) 38 may be volatile
memory and may therefore not retain stored contents if
powered off. Examples of volatile memories may include
random access memories (RAM), dynamic random access
memories (DRAM), static random access memories
(SRAM), and other forms of volatile memories known in the
art. Storage device(s) 38 may further be configured for
long-term storage of information as non-volatile memory
space and retain information after power on/off cycles.
Examples of non-volatile memory configurations may
include magnetic hard discs, optical discs, floppy discs, flash
memories, or forms of electrically programmable memories
(EPROM) or electrically erasable and programmable (EE-
PROM) memories. In some examples, processor(s) 30 on
computing device 2 read and may execute instructions
stored by storage device(s) 38.

Computing device 2 may include one or more input
device(s) 32 that computing device 2 uses to receive user
input. Examples of user input include tactile, audio, and
video user input. Input device(s) 32 may include presence-
sensitive screens, touch-sensitive screens, mice, keyboards,
voice responsive systems, video cameras, microphones or
other types of devices for detecting input from a human or
machine.

Communication unit(s) 34 may enable computing device
2 to send data on and receive data from a communications
network, such as a local area network or the Internet. In
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some examples, communication unit(s) 34 may include
wireless transmitters and receivers that enable computing
device 2 to communicate wirelessly with the communica-
tions network. Examples of communication unit(s) 34 may
include network interface cards, Ethernet cards, optical
transceivers, radio frequency transceivers, or other types of
devices that are able to send and receive information. Other
examples of such communication units may include Blu-
etooth, 3G, and WiFi radios, Universal Serial Bus (USB)
interfaces, etc.

Output device(s) 36 may generate output. Examples of
output include tactile, audio, and video output. Output
device(s) 36 may include presence-sensitive screens, sound
cards, video graphics adapter cards, speakers, cathode ray
tube (CRT) monitors, liquid crystal displays (LCD), or other
types of devices for generating output.

Processor(s) 30 may read instructions from storage
device(s) 38 and may execute instructions stored by storage
device(s) 38. Execution of the instructions by processor(s)
30 may configure or cause computing device 2 to provide at
least some of the functionality ascribed in this disclosure to
computing device 2. As shown in the example of FIG. 2,
storage device(s) 38 include computer-readable instructions
associated with operating system 44, window management
module 6, and application modules 8A-8N. Although shown
as separate from operating system 44, window management
module 6 may, in some examples, be part of operating
system 44.

Execution of instructions associated with operating sys-
tem 44 may cause computing device 2 to perform various
functions to manage hardware resources of computing
device 2 and to provide various common services for other
computer programs. Execution of instructions associated
with window management module 6 may cause computing
device 2 to provide window management functionality, in
accordance with examples of this disclosure. For ease of
explanation, this disclosure may describe window manage-
ment module 6 as performing particular actions as a concise
way of indicating that execution of instructions associated
with window management module 6 by processors 30
causes computing device 2 to perform the particular actions.
Execution of instructions associated with application mod-
ules 8 may cause computing device 2 to provide various
applications (e.g., “apps”).

In some examples, window management module 6 may
provide an application programming interface (API) that
includes methods. Operating system 44 and application
modules 8 may invoke particular methods of the API pro-
vided by window management module 6 in order to open
windows. In other words, window management module 6
may receive requests from operating system 44 and/or
application modules 8 to open windows. When window
management module 6 receives a request to open a window,
window management module 6 may generate window state
data for the window. The window state data for a window
may include various types of information about the window,
such as an identifier of the window, information indicating
recentness of use, window size information, data indicating
processes registered to receive events related to the window,
and so on. In addition, when window management module
6 receives a request to open a window, window management
module 6 may receive and/or generate relationship data for
the window. The relationship data for a window may indi-
cate how the window is related to other open windows.

In addition, when window management module 6
receives a request to open a window, window management
module 6 may generate a list of processes (e.g., heavyweight
processes, threads, etc.) that subscribe to events associated



US 9,830,056 B1

13

with the window. For instance, a process that requested
window management module 6 to open a window may
receive, from window management module 6 events indi-
cating user input directed to features (e.g., buttons, links,
text areas, or the items for user interaction) of the window.

Window management module 6 may output window
utilization GUI 10 for display. Window utilization GUI 10
may include one or more of the open windows. Window
management module 6 may receive indications of user input
directed to features (e.g., buttons, text boxes, links, etc.) of
windows included in window utilization GUI 10. In
response to some such indications of user input, window
management module 6 may provide events to processes
(e.g., heavyweight processes, threads, etc.) that subscribe to
events associated with the windows. Application modules 8
and/or operating system 44 may cause computing device 2
to execute such processes. Window management module 6
may maintain a list of processes that subscribe to events
associated with the windows. An event may provide infor-
mation about a user input directed to a feature of a window.

When a process receives an event that provides informa-
tion about a user input directed to a feature of a window
included in window utilization GUI 10, the process may
process the event and may invoke methods of the API of
window management module 6 to update content of the
window. For example, responsive to receiving an indication
of a tapping gesture at a region of a display screen associated
with a particular key of a graphical keyboard, window
management module 6 may provide an event to a process
associated with a window. In this example, the process may,
responsive to the event, invoke a method of the API of
window management module 6 to display, within the win-
dow, a character associated with the particular key. Further-
more, processes can use methods of the API of window
management module 6 to update the contents of windows
without first receiving events indicating user input.

Furthermore, window management module 6 may deter-
mine an arrangement of a plurality of windows into one or
more stacks of windows (i.e., stacks). For each respective
stack of windows in the one or more stacks of windows,
windows are sequenced within the respective stack of win-
dows based on a first relationship. In other words, each
window is sequenced based on a characteristic. Furthermore,
window management module 6 may determine that one or
more windows in the plurality of windows have a second
relationship with a window of interest in the plurality of
windows (e.g., a head window of a primary stack from the
one or more stacks of windows). The second relationship
may be different than the first relationship. For example, the
first relationship may be that, for each given window in a
stack, if the given window was used more recently than
another window in the stack, the given window is higher in
the stack than the other window. Furthermore, in this
example, two windows may have the second relationship if
window management module 6 opened one of the windows
in response to a request from a process that manages the
other one of the windows.

Furthermore, window management module 6 may gener-
ate a window selection GUI (e.g., window selection GUI 14)
that includes the one or more stacks of windows. Window
management module 6 may generate the window selection
GUI such that the window selection GUI includes one or
more visual indicators that identify the one or more windows
determined to have the second relationship with the window
of interest. For example, the window selection GUI may
include labels that identify the one or more windows deter-
mined to have the second relationship with the window of
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interest. In another example, the one or more visual indica-
tors visually indicate the one or more windows that have the
second relationship with the window of interest by virtue of
the one or more windows that have the second relationship
with the window of interest being tilted relative to each
window in the one or more stacks of windows that do not
have the second relationship with the window of interest. In
another example, the one more visual indicators visually
indicate the one or more windows that have the second
relationship with the window of interest by virtue of the one
or more windows that have the second relationship with the
window of interest being displaced within the one or more
stacks of windows relative to each window in the one or
more stacks of windows that do not have the second rela-
tionship with the window of interest.

In one example where window management module 6
maintains parent-child relationships between windows, win-
dow management module 6 may output, for display, a first
window in window utilization GUI 10. In this example, the
first window may be a user interface of a web browser
application. The first window may display a webpage that
includes a hyperlink to a cloud-based spreadsheet. In this
example, window management module 6 may receive an
indication of a user input to select the hyperlink. Responsive
to the indication of the user input, window management
module 6 may generate a new window (i.e., a second
window) corresponding to an office productivity application
that includes the content of the cloud-based spreadsheet.
When window management module 6 generates the second
window, window management module 6 may maintain a
parent-child relationship between the first window (i.e., the
user interface of the web browser application) and the
second window (i.e., the user interface of the office produc-
tivity application). Accordingly, when window management
module 6 outputs window selection GUI 14 for display and
the first window is the head window of a stack, window
management module 6 may include, in window selection
GUI 14, a visual indicator to indicate that the second
window is a child window of the first window. Similarly,
when window management module 6 outputs window selec-
tion GUI 14 for display and the second window is the head
window of a stack, window management module 6 may
include, in window selection GUI 14, a visual indicator to
indicate that the first window is a parent window of the
second window. Because the user’s thought process and
workflow with windows may be non-linear and windows in
the stack may be sequenced based on recentness of use, the
first window may be separated from the second window.
Thus, there may be one or more windows in the stack
between the first window and the second window. Hence, the
visual indicator that indicates that the first window is the
parent window of the second window may be especially
useful.

As indicated above, window selection GUI 14 may
include one or more stacks. In some examples, one of the
one or more stacks is a primary stack. For instance, where
window selection GUI 14 includes multiple stacks, one of
the stacks is a primary stack and the other stacks are
secondary stacks. In instances where window selection GUI
14 only includes a single stack, the single stack is the
primary stack and there are no secondary stacks. In such
examples, window management module 6 outputs visual
indicators to visually distinguish windows having the par-
ticular relationship with the head window of the primary
stack from windows not having the particular relationship
with the head window of the primary stack. In such
examples, window management module 6 does not output
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visual indicators to visually differentiate windows having
the particular relationship (or other relationships) with a
window other than the head window of the primary stack
from windows not having the particular relationship (or
other relationships) with a window other than the head
window of the primary stack (including the head window of
a secondary stack).

Thus, in some of the examples described above, window
management module 6 may set a first window as a head
window of a particular visual stack from the one or more
visual stacks (e.g., the primary visual stack). Furthermore,
responsive to setting the first window as the head window of
the particular visual stack, window management module 6
may determine whether a second window has a particular
relationship with the first window. Responsive to determin-
ing that the second window has the particular relationship
with the first window, window management module 6 may
output, for display, a visual indication of the second window.
The visual indication of the second window may visually
differentiate the second window from windows from the set
of windows not having the particular relationship with the
first window.

In other examples, window management module 6 may
determine whether windows are related to windows that are
not the head window of a stack. In some such examples,
window management module 6 may output, for display, a
visual indication that a non-head window of a stack has a
particular relationship with another non-head window of the
stack or another stack.

Furthermore, in some examples where window selection
GUI 14 includes multiple stacks, window management
module 6 may separately determine windows related to the
head windows of each of the stacks. For example, window
selection GUI 14 may include a first stack and a second
stack. In this example, window management module 6 may
determine that a particular window in the first window has
a first relationship with the head window of the first stack.
In addition, window management module 6 may determine
that a second window has a second relationship with the
head window of the second stack. In this example, the first
relationship may be the same or different than the second
relationship. Furthermore, in this example, responsive to
these determinations, window management module 6 may
output, for display, a visual indication of the first window
and a visual indication of the second window. The visual
indication of the first window may visually differentiate the
first window from windows in the first stack that do not have
the first relationship with the head window of the first stack.
The visual indication of the second window may visually
differentiate the second window from windows in the second
stack that do not have the second relationship with the head
window of the second stack.

As described elsewhere in this disclosure, window man-
agement module 6 may update which window of a stack is
the head window of the stack. In some examples, when
different windows are the head window of a stack, window
management module 6 may identify related windows based
on different relationships. For example, if one window is the
head window of a stack, window management module 6
may output a visual indicator that visually differentiates a
parent or child window from other windows. In this
example, if another window is the head window, window
management module 6 may output a visual indicator that
visually differentiates a window having similar content to
the head window from other windows. Thus, in one
example, a first window may be the head window of the
stack and later a second, different window may be the head
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window of the stack. In this example, when the first window
is the head window of the stack, window management
module 6 may determine windows that have a first relation-
ship to the first window. Furthermore, when the first window
is the head window of the stack, window management
module 6 may output, for display, visual indicators that
visually differentiate the windows having the first relation-
ship to the first window from windows not having the first
relationship to the first window. Window management mod-
ule 6 does not output visual indicators that visually differ-
entiate the windows having the second relationship with the
first window from windows not having the second relation-
ship with the first window. However, when the second
window is the head window of the stack, window manage-
ment module 6 may output, for display, visual indicators that
visually differentiate the windows having the second rela-
tionship with the second window from windows not having
the second relationship with the second window. Further-
more, when the second window is the head window of the
stack, window management module 6 does not output visual
indicators that visually differentiate the windows having the
first relationship with the second window from windows not
having the first relationship with the second window.

FIG. 3 is a block diagram illustrating an example com-
puting device 2 that outputs data for display by one or more
remote devices, in accordance with one or more examples of
the present disclosure. The one or more remote devices may
display graphical content based on the data output by
computing device 2. In general, graphical content may
include any visual information that may be output for
display, such as text, images, a group of moving images, etc.
In some examples, computing device 2 may output data,
such as Hypertext Markup Language (HTML) data, that a
remote device may render to generate graphical content
displayed by the remote device. In other examples, comput-
ing device 2 may output digital or analog signals that a
remote device may use to generate graphical content dis-
played by the remote device.

In the example of FIG. 3, computing device 2 is opera-
tively coupled to a presence-sensitive display 102 and a
communication unit 104. Furthermore, in the example of
FIG. 3, the one or more remote devices include a projector
106, a projection screen 108, a mobile device 110, and a
visual display device 112. Computing device 2 may include
and/or be operatively coupled to one or more other devices,
e.g., input devices, output devices, memory, storage devices,
etc. that are not shown in FIG. 3 for purposes of brevity and
illustration.

Computing device 2 may be a processor that has the
functionality described above with respect to processor(s) 30
(FIG. 2). For instance, computing device 2 may be a
microprocessor, application specific integrated circuits
(ASICs), or another type of integrated circuit configured to
implement the techniques of this disclosure. In other
examples, such as those illustrated in FIGS. 1 and 2,
computing device 2 may be a stand-alone computing device
that includes or is operatively coupled to a presence-sensi-
tive display. In such examples, computing device 2 may be
a desktop computer, a tablet computer, a smart television
platform, a camera, a personal digital assistant (PDA), a
server device, a mainframe computer, a telephone, a portable
gaming device, a personal media player, a remote control
device, a wearable computing device, or another type of
computing device. In this disclosure, a first device may be
said to be operatively coupled to a second device if the
operations of the first and second devices are coupled in
some way.
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Computing device 2 may communicate with presence-
sensitive display 102 via a communication channel 114A.
Computing device 2 may communicate with communication
unit 104 via a communication channel 114B. Communica-
tion channels 114A, 114B may each include a system bus or
another suitable connection. Although the example of FIG.
3 shows computing device 2, presence-sensitive display 102,
and communication unit 104 as being separate, computing
device 2, presence-sensitive display 102, and/or communi-
cation unit 104 may be integrated into a single device.

In the example of FIG. 3, presence-sensitive display 102
includes a display device 116 and a presence-sensitive input
device 118. Display device 116 may display graphical con-
tent based on data received from computing device 2.
Presence-sensitive input device 118 may determine one or
more user inputs (e.g., continuous gestures, multi-touch
gestures, single-touch gestures, etc.). Presence-sensitive
input device 118 may use capacitive, inductive, and/or
optical recognition techniques to determine the user inputs.
Presence-sensitive display 102 may send indications of such
user inputs to computing device 2 via communication chan-
nel 114A or another communication channel. In some
examples, presence-sensitive input device 118 is physically
positioned relative to display device 116 such that presence-
sensitive input device 118 is able to detect the presence of an
input object (e.g., a finger or a stylus) at a location on display
device 116 that displays a graphical element when a user
positions the input object at the location on display device
116 that displays the graphical element.

Communication unit 104 may have the functionality of
one or more of communication units 34. This disclosure
describes the functionality of communication units 34 with
regard to FIG. 2. Examples of communication unit 104 may
include network interface cards, Ethernet cards, optical
transceivers, radio frequency transceivers, Bluetooth, 3G,
and WiF1i radios, Universal Serial Bus (USB) interfaces, or
other types of devices that are able to send and receive data.
When computing device 2 outputs data for display by the
one or more remote devices (such as projector 106, projec-
tion screen 108, mobile device 110, and visual display
device 112), computing device 2 may output the data to a
communication unit of computing device 2, such as com-
munication unit 104. Communication unit 104 may send the
data to one or more of the remote devices. The one or more
remote devices may display graphical content based at least
in part on the data.

Communication unit 104 may send and receive data using
various communication techniques. In the example of FIG.
3, a network link 120A operatively couples communication
unit 104 to an external network 122. Network links 120B,
120C, and 120D may operatively couple each of the remote
devices to external network 122. External network 122 may
include network hubs, network switches, network routers, or
other types of devices that exchange information between
computing device 2 and the remote devices illustrated in
FIG. 3. In some examples, network links 120A-120D may
be Ethernet, ATM or other wired and/or wireless network
connections.

In some examples, communication unit 104 may use
direct device communication 124 to communicate with one
or more of the remote devices included in FIG. 3. Direct
device communication 124 may include communications
through which computing device 2 sends and receives data
directly with a remote device, using wired or wireless
communication. That is, in some examples of direct device
communication 124, data sent by computing device 2 may
not be forwarded by one or more additional devices before
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being received at the remote device, and vice-versa.
Examples of direct device communication 124 may include
Bluetooth, Near-Field Communication, Universal Serial
Bus, WiF1i, infrared, etc. One or more of the remote devices
illustrated in FIG. 3 may be operatively coupled with
communication unit 104 by communication links 126A-
126D. In some examples, communication links 126 A-126D
may be connections using Bluetooth, Near-Field Commu-
nication, Universal Serial Bus, infrared, etc. Such connec-
tions may be wireless and/or wired connections.

In the example of FIG. 3, projector 106 receives data from
computing device 2. Projector 106 may project graphical
content based on the data onto projection screen 108. The
example of FIG. 3 shows projector 106 as a tabletop
projector and shows projection screen 108 as a freestanding
screen. In other examples, computing device 2 may output
data for display by other types of projection devices, such as
electronic whiteboards, holographic display devices, and
other suitable devices for displaying graphical content.

In some examples, projector 106 may determine one or
more user inputs (e.g., continuous gestures, multi-touch
gestures, single-touch gestures, etc.) at projection screen 108
and send indications of such user input to computing device
2. In such examples, projector 106 may use optical recog-
nition or other suitable techniques to determine the user
input. Projection screen 108 (e.g., an electronic whiteboard)
may display graphical content based on data received from
computing device 2.

Mobile device 110 and visual display device 112 may
each have computing and connectivity capabilities and may
each receive data that computing device 2 output for display.
Examples of mobile device 110 may include e-reader
devices, convertible notebook devices, hybrid slate devices,
etc. Examples of visual display device 112 may include
televisions, computer monitors, etc. As shown in FIG. 3,
projection screen 108 may include a presence-sensitive
display 128, mobile device 110 may include a presence-
sensitive display 130, and visual display device 112 may
include a presence-sensitive display 132. Presence-sensitive
displays 128, 130, 132 may have some or all of the func-
tionality described in this disclosure for Ul device 4. In some
examples, presence-sensitive displays 128, 130, 132 may
include functionality in addition to the functionality of Ul
device 4. Presence-sensitive displays 128, 130, 132 may
receive data from computing device 2 and may display
graphical content based on the data. In some examples,
presence-sensitive displays 128, 130, 132 may determine
one or more user inputs (e.g., continuous gestures, multi-
touch gestures, single-touch gestures, etc.) and send indica-
tions of such user input to computing device 2. Presence-
sensitive displays 128, 130, and/or 132 may use capacitive,
inductive, optical recognition techniques and/or other tech-
niques to determine the user input.

In some examples, computing device 2 does not output
data for display by presence-sensitive display 102. In other
examples, computing device 2 may output data for display
such that both presence-sensitive display 102 and the one or
more remote devices display the same graphical content. In
such examples, each respective device may display the same
graphical content substantially contemporaneously. In such
examples, the respective devices may display the graphical
content at different times due to communication latency. In
other examples, computing device 2 may output data for
display such that presence-sensitive display 102 and the one
or more remote devices display different graphical content.

In the example of FIG. 3, computing device 2 may output,
for display by presence sensitive display 102 and/or the
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remote devices, an arrangement of a set of windows orga-
nized into one or more visual stacks. Each respective visual
stack from the one or more visual stacks may comprise a
respective subset of the set of windows sequenced based on
a characteristic (e.g., recentness of use, etc.). Furthermore,
computing device 2 may determine, that a first window from
the set of windows has a particular relationship with a
second window from the set of windows. Computing device
2 may output, responsive to the determining, and for display
by presence sensitive display 102 and/or the remote devices,
a visual indication of the first window, wherein the visual
indication of the first window visually differentiates the first
window from windows from the set of windows not having
the particular relationship with the second window.

FIGS. 4-8 are conceptual diagrams illustrating an
example sequence of user interface configurations that com-
puting device 2 may output for display when the user
interacts with computing device 2 to replace one window in
a window utilization GUI with another. Particularly, FIG. 4
is conceptual diagram illustrating an example configuration
of window utilization GUI 10, in accordance with an
example of this disclosure. In this disclosure, a user interface
configuration or a configuration of a user interface may refer
to particular state of a user interface. In the example con-
figuration of window utilization GUI 10 of FIG. 4, window
utilization GUI 10 includes a left window 202 and a right
window 204. In the example of FIG. 4, left window 202
includes traffic information and right window 204 includes
a chat session.

In the example of FIG. 4, window utilization GUI 10
includes a bar 206 (i.e., a window resizing bar) that separates
left window 202 and right window 204. Computing device
2 may modify the relative sizes of left window 202 and right
window 204 in response to receiving an indication of user
input to drag bar 206 left or right. Furthermore, in some
examples, responsive to receiving an indication of user input
to drag bar 206 all the way to the right edge of window
utilization GUI 10, computing device 2 may modify window
utilization GUI 10 such that window utilization GUT 10 only
includes left window 202. Likewise, responsive to receiving
an indication of user input to drag bar 206 all the way to the
left edge of window utilization GUI 10, computing device 2
may modify window utilization GUI 10 such that window
utilization GUI 10 only includes right window 204.

In other examples, window utilization GUI 10 may be
divided vertically instead of horizontally as shown in FIG.
4 and bar 206 may be horizontal instead of vertical. Fur-
thermore, in other examples, window utilization GUI 10
may include more than two windows and, hence, more than
one window resizing bar.

FIG. 5 is a conceptual diagram illustrating an example
configuration of window selection GUI 14, in accordance
with an example of this disclosure. Computing device 2 may
output window selection GUI 14 for display in place of
window utilization GUI 10 (FIG. 4) in response to receiving
an indication of a particular user input while window
utilization GUI 10 (FIG. 4) is displayed. For example,
computing device 2 may output window selection GUI 14
for display in place of window utilization GUI 10 in
response to receiving an indication of the “push” gesture
described elsewhere in this disclosure.

In the first example configuration of window selection
GUI 14, window selection GUI 14 includes a left stack 252
and a right stack 254. Because window 202 was the window
in the left side of window utilization GUI 10 when com-
puting device 2 received the indication of the user input to
display window selection GUI 14, window 202 is the head

25

30

35

40

45

50

20

window of left stack 252. Otherwise stated, window 202 was
the displayed on the left side of window utilization GUI 10
in FIG. 4 because window 202 was the head window of left
stack 252 when window selection GUI 14 was last dis-
played. Likewise, because window 204 was the window in
the right side of window utilization GUI 10 when computing
device 2 received the indication of the user input to display
window selection GUI 14, window 204 is the head window
of right stack 254. Otherwise stated, window 204 was the
displayed on the right side of window utilization GUI 10 in
FIG. 4 because window 204 was the head window of right
stack 254 when window selection GUI 14 was last dis-
played. Furthermore, as shown in FIG. 5, a window 256
occurs in stack 252 at a next to highest position in stack 252.
In other words, window 256 occurs immediately beneath
window 202 in stack 252.

FIG. 6 is a conceptual diagram illustrating an example
configuration of window selection GUI 14, in accordance
with an example of this disclosure. The content of the second
example configuration of window selection GUI 14 is the
same as that shown in FIG. 5. However, as shown in the
example of FIG. 6, computing device 2 receives an indica-
tion of a user input of a downward swipe gesture of a user’s
hand 270 at a region of window selection GUI 14 associated
with stack 252. The region of window selection GUI 14
associated with stack 252 may include a region or space at
which a user perceives stack 252 to be displayed.

FIG. 7 is a conceptual diagram illustrating an example
configuration of window selection GUI 14, in accordance
with an example of this disclosure. Computing device 2 may
output the configuration of window selection GUI 14 shown
in FIG. 7 in response to receiving the indication of the user
input shown in FIG. 6. As shown in the example of FIG. 7,
window 202, which was previously the head window of
stack 252, is relegated to the lowest position in stack 252.
Furthermore, as shown in the example of FIG. 7, window
256, which was previously at the next-to-highest position in
stack 252, is now the head window of stack 252. In the
example of FIG. 7, window 256 shows a picture of a
mountain.

FIG. 8 is a conceptual diagram illustrating an example
configuration of window utilization GUI 10, in accordance
with an example of this disclosure. Computing device 2 may
output the configuration of window utilization GUI 10 of
FIG. 8 in place of the configuration of window selection
GUI 14 of FIG. 7. In some examples, computing device 2
may output the configuration of window utilization GUI 10
shown in FIG. 8 in place of the configuration of window
selection GUI 14 shown in FIG. 7 in response to receiving
an indication of a user input to exit window selection GUI
14 while the configuration of window selection GUI 14
shown in FIG. 7 is displayed. Because windows 256 and 204
were the head windows of left stack 252 and right stack 254,
respectively, in the configuration of window selection GUI
14 shown in FIG. 7, the left and right sides of window
utilization GUI 10 include window 256 and 204, respec-
tively.

FIG. 9A is a conceptual diagram illustrating an example
gesture to move a window from one stack to another stack
in a window selection GUI 14, in accordance with an
example of this disclosure. FIG. 9B is a conceptual diagram
illustrating an effect of the example gesture of FIG. 9A, in
accordance with an example of this disclosure. In the
example of FIG. 9A, window selection GUI 14 includes
stack 302 and stack 304. Stack 302 includes four windows.
Stack 304 also includes four windows. Furthermore, in FIG.
9A, window 306 is the head window of stack 302 and
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window 308 is the head window of stack 304. Window 310
is the next-highest window in stack 302.

Computing device 2 may move a window from stack 302
to stack 304, or vice versa in response to receiving an
indication of user input to do so. For instance, in the example
of FIGS. 9A and 9B, computing device 2 may move window
306 from stack 302 to stack 304 in response to a two-
fingered drag gesture originating at an area associated with
stack 302 and terminating at an area associated with stack
304. In the example of FIGS. 9A and 9B, when computing
device 2 moves window 306 from stack 302 to stack 304,
computing device 2 modifies stack 302 such that the window
310 is now the head window of stack 302. Furthermore,
when computing device 2 moves window 306 from stack
302 to stack 304, window 308 because the next-highest
window in stack 304. As shown in FIG. 9B, as a result of
moving window 306 from stack 302 to stack 304, stack 302
includes three windows and stack 304 includes five win-
dows. By providing user input to move a window from one
stack to another stack, the user may control whether the
window is displayed in a left or right side of window
utilization GUI 10.

FIGS. 10A-10C are conceptual diagrams illustrating an
example of this disclosure that enables a user to select a
window to be included in window utilization GUI 10 from
a stack that only includes windows having a particular
relationship with a window included in window utilization
GUI 10. In particular, FIG. 10A is a conceptual diagram
illustrating an example configuration of window utilization
GUI 10, in accordance with an example of this disclosure.
Window utilization GUI 10 includes a window 320. In the
example of FIG. 10A, window 320 comprises an email
inbox.

Responsive to receiving an indication of user input,
window management module 6 may output window selec-
tion GUI 14 for display such that window selection GUI 14
and window utilization GUI 10 are concurrently displayed.
In various examples, window management module 6 may
output window selection GUI 14 for display concurrent with
window utilization GUI 10 in response to receiving indica-
tions of various user inputs. For example, window manage-
ment module 6 may output window selection GUI 14 for
display concurrent with window utilization GUI 10 in
response to receiving a particular multi-touch gesture, a
swiping gesture originating at a particular area of a display
screen, or other types of gestures or user inputs.

FIG. 10B is a conceptual diagram in which window
selection GUI 14 and window utilization GUI 10 are dis-
played concurrently, in accordance with an example of this
disclosure. As shown in FIG. 10B, window selection GUI 14
includes a stack 322. Window 324 is the current head
window of stack 322. While window selection GUI 14 and
window utilization GUI 10 are concurrently displayed,
window management module 6 may update which window
is the head window of stack 322 in response to receiving an
indication of user input. In the examples of FIGS. 10A-10C,
window management module 6 does not update any window
included in window utilization GUI 10 when updating which
window in stack 322 is the head window of stack 322.

Furthermore, while window selection GUI 14 and win-
dow utilization GUI 10 are concurrently displayed (as
shown in the example of FIG. 10B), window management
module 6 may receive an indication of a user input to exit
window selection GUI 14. In response to receiving the
indication of the user input to exit window selection GUI 14,
window management module 6 may remove window selec-
tion GUI 14 from view and may output window utilization
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GUI 10 such that window utilization GUI 10 includes both
the window or windows already included in window utili-
zation GUI 10 (e.g., window 320) and the head window of
stack 322 (e.g., window 324). FIG. 10C is a conceptual
diagram in which window utilization GUI 10 includes a
window (e.g., window 320) already included in window
utilization GUI 10 and a head window of stack 322 (e.g.,
window 324), in accordance with an example of this dis-
closure.

In some examples, each window in stack 322 has a
particular relationship to the window currently shown in
window utilization GUI 10 (e.g., window 320). Other win-
dows may be open, but window management module 6 does
not include the windows in stack 322. For instance, in the
example of FIG. 10B, the window currently shown in
window utilization GUI 10 (e.g., window 320) comprises an
email inbox and each window in stack 322 may comprise a
different email message opened from the email inbox.
Because stack 322 only includes windows having the par-
ticular relationship with the window currently included in
window utilization GUI 10, the user may be able to easily
select one of the windows in stack 322 to be the head
window of stack 322 (and hence which window to include
in window utilization GUI 10 alongside window 320) with-
out scanning through windows that do not have the particu-
lar relationship with the window currently included in
window utilization GUI 10.

In the examples of FIGS. 10A-10C, each of the windows
in stack 322 may be a child window of window 320.
Conversely, window 320 may be the parent window of each
window in stack 322. As shown in the examples of FIGS.
10A-10C, the creation and maintenance of the parent-child
relationships between windows may enable a user to con-
ceptually invoke “whistles.” In this disclosure, “whistles”
refer generally to modes of filtering a stack or group of one
or more windows (e.g., “cards”) based on relationships.
Hence, in some examples of this disclosure, a user may
perform a gesture (e.g., a multi-touch gesture) to invoke a
“whistle” to summon a set of related windows. The gesture
may be performed in a particular manner and/or at a par-
ticular location of a screen, such as a parent or child window.
In some examples, window management module 6 may
apply visual effects, such as highlighting, to related cards
responsive to receiving a gesture that invokes a particular
whistle.

In some examples, the different gestures (e.g., multi-touch
gestures) may trigger different “whistles” and/or indicate
particular display configurations for related windows. For
example, a particular multi-touch gesture performed at loca-
tion of a touchscreen that displays a parent window may
trigger a “whistle” for a particular set of related windows
(e.g., child windows). In this example, window management
module 6 may output, responsive to the particular gesture,
the related windows in a particular configuration. A different
gesture (e.g., a multi-touch gesture performed a parent
window) may be associated with a different “whistle.”
Hence, responsive to receiving an indication of the different
gesture, window management module 6 output, for display,
a different set of windows having a different relationship
with the parent window. In an alternative example, respon-
sive to receiving the indication of the different gesture,
window management module 6 may output, for display, the
same set of windows in a different configuration.

The techniques of this disclosure may provide a way for
a user to instruct computing device 2 to filter a stack of
windows quickly based on gestures and relationships
between the windows. Because relationships rather than
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recentness of use may be a better or alternative way of
relating windows, techniques of the disclosure may enable a
user to engage in a non-linear workflow (e.g., windows
become temporally scattered to different x/y and z positions
within stacks) and quickly bring related windows back to the
forefront.

FIGS. 11A-11B are conceptual diagrams illustrating an
example of this disclosure in which window selection GUI
14 and window utilization GUI 10 are concurrently dis-
played and changing a head window of a stack in window
selection GUI 14 changes the window displayed in window
utilization GUI 10. FIG. 11A is a conceptual diagram in
which window selection GUI 14 and window utilization
GUI 10 are displayed concurrently, in accordance with an
example of this disclosure. As shown in FIG. 11A, window
utilization GUI 10 includes a window 330. In the example
of FIG. 11 A, window 330 includes an email inbox. Window
selection GUI 14 includes a stack 332. Furthermore, in the
example of FIG. 10A, window 334 is the head window of
stack 332. Window 336 is the next highest window in stack
332. Window 334 includes a draft email message.

In the example of FIG. 11 A, window management module
6 receives an indication of a downward swipe gesture
directed at stack 332. Particularly, in the example of FIG.
11A, window management module 6 may receive the indi-
cation of the downward swipe gesture when a user moves a
finger 338 of the user’s hand in a downward direction. As
shown in the example of FIG. 11B, responsive to the
indication of the downward swipe gesture, window man-
agement module 6 may designate (e.g., set) the next highest
window of stack 332 (i.e., window 336) as the head window
of stack 332 and may designate (e.g., set) the previous head
window of stack 332 as the tail window of stack 332.
Furthermore, in response to receiving the indication of the
downward swipe gesture, window management module 6
may output window utilization GUI 10 for display such that
window utilization GUI 10 includes a window having a
particular relationship with the new head window of stack
332. Thus, FIG. 11B is a conceptual diagram illustrating an
example configuration of window selection GUI 14 and
window utilization GUI 10 in which a window included
window utilization GUI 10 is updated when the head win-
dow of a stack displayed in window selection GUI 14
changes, in accordance with an example of this disclosure.

In the example of FIG. 11B, window 336 includes a map
and driving directions to “Municipal Stadium.” Further-
more, in the example of FIG. 11B, window management
module 6 may output window utilization GUI 10 for display
such that window utilization GUI 10 includes a window 340
that has a particular relationship to window 336. In particu-
lar, in the example of FIG. 11B, window 340 includes a
webpage containing information about “Municipal Sta-
dium.” In this way, a user may be able to see and interact
with related windows as the user scans through windows in
stack 332.

FIG. 12A is a conceptual diagram illustrating an example
configuration of window selection GUI 14, in accordance
with an example of this disclosure. In the example of FIG.
12A, window selection GUI 14 includes stack 350 and stack
352. Furthermore, in the example of FIG. 12A, stack 350 is
a primary stack and stack 352 is a secondary stack. To
visually indicate that stack 350 is the primary stack and that
stack 352 is the secondary stack, windows in stack 350 are
larger than windows in stack 352. In some examples, com-
puting device 2 may change which stack (e.g., stack 350 or
stack 352) is the primary stack in response to receiving an
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indication of user input, such as an indication of a tapping
gesture at a region associated with the secondary stack.

In the example of FIG. 12A, computing device 2 may
determine windows in stacks 350 and 352 that have a
particular relationship with the head window of the primary
stack. In the example of FIG. 12A, window 354 is the head
window of the primary stack (i.e., stack 350). Furthermore,
computing device 2 outputs, for display in window selection
GUI 14, visual indicators that visually differentiate windows
in stack 350 and stack 352 that have the particular relation-
ship with the head window of the primary stack from
windows in stack 350 and stack 352 that do not have the
particular relationship with the head window of the primary
stack. Particularly, in the example of FIG. 12A, the window
indicators have the form of labels 356 and 358 that identify
the related windows.

Hence, in the example of FIG. 12A and other examples of
this disclosure, computing device 2 may output, for display,
an arrangement of a set of windows organized into one or
more stacks. Furthermore, computing device 2 may deter-
mine that a first window from the set of windows has a
particular relationship with a second window (e.g., window
354) from the set of windows. In addition, computing device
2 may output responsive to the determining, and for display,
a visual indication (e.g., label 358) of the first window and
a visual indication (e.g., label 356) of the second window.
The visual indication of the first window and the visual
indication of the second window visually differentiate the
first window and the second window from windows from the
set of windows not having the particular relationship with
the first window and the second window. In the example of
FIG. 12A and other examples of this disclosure, the visual
indication of the first window (and/or the visual indication of
the second window) may comprise a textual label that
indicates that the first window has the particular relationship
with the second window.

FIG. 12B is a conceptual diagram illustrating an example
configuration of window selection GUI 14, in accordance
with an example of this disclosure. In the example of FIG.
12B, window selection GUI 14 includes stack 350 and stack
352. As in FIG. 12A, stack 350 is the primary stack and stack
354 is the secondary stack. Furthermore, FIG. 12B uses
visual indicators to visually differentiate windows having a
particular relationship with a head window (i.e., window
354) of the primary stack from windows that do not have the
particular relationship with the head window of the primary
stack. As in FIG. 12A, the visual indicators have the form of
labels 356 and 358. However, FIG. 12B shows that the
visual indicators (i.e., labels 356 and 358) can indicate
windows in different stacks (i.e., stack 350 and stack 352).

Hence, in the example of FIG. 12B and other examples of
this disclosure, computing device 2 may output, for display,
an arrangement of a set of windows organized into at least
a first stack and a second stack. Furthermore, computing
device 2 may determine that a first window from the set of
windows has a particular relationship with a second window
from the set of windows. The first stack may include the first
window and the second stack may include the second
window. In addition, computing device 2 may output,
responsive to the determining, and for display, a visual
indication of the first window. The visual indication of the
first window visually differentiates the first window from
windows from the set of windows not having the particular
relationship with the second window. In such examples,
responsive to receiving an indication of a user input, com-
puting device 2 may output, for display, in place of the first
stack and the second stack, an enlarged version of a head
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window of the first stack and an enlarged version of a head
window of the second stack. Thus, computing device 2 may
output, for display, a window utilization GUI of the type
shown in the example of FIG. 8.

FIG. 13A is a conceptual diagram illustrating an example
configuration of window selection GUI 14, in accordance
with an example of this disclosure. In the example of FIG.
13A, window selection GUI 14 includes stack 400 and stack
402. Stack 400 is the primary stack and stack 402 is the
secondary stack. Window selection GUI 14 includes visual
indicators that visual differentiate windows in stack 400 and
stack 402 that have a particular relationship with a head
window of the primary stack (i.e., window 404) from
windows in stack 400 and stack 402 that do not have the
particular relationship with the head window of the primary
stack. Particularly, in the example of FIG. 13 A, the window
indicators have the form of tilted windows in stacks 400 and
402. In the example of FIG. 13A, window 406 is tilted
relative to other windows in stack 400 to indicate that
window 406 has a particular relationship with the head
window of the primary stack (i.e., window 404 in stack 400).
Thus, in the example of FIG. 13A, a window related to the
head window of stack 400 by the particular relationship is
“tab-peeked” in order to visually differentiate the window
from windows in stack 400 that are not related to the head
window of stack 400 by the particular relationship.

Hence, in the example of FIG. 13 A and other examples of
this disclosure, computing device 2 may output, for display,
an arrangement of a set of windows organized into one or
more stacks. Furthermore, computing device 2 may deter-
mine that a first window (e.g., window 406) from the set of
windows has a particular relationship with a second window
(e.g., window 404) from the set of windows. In addition,
computing device 2 may output, responsive to the determin-
ing, and for display, a visual indication of the first window.
The visual indication of the first window visually differen-
tiates the first window from windows from the set of
windows not having the particular relationship with the
second window by virtue of the first window being tilted
relative to each window in the one or more visual stacks that
does not have the particular relationship with the second
window.

FIG. 13B is a conceptual diagram illustrating an example
configuration of window selection GUI 14, in accordance
with an example of this disclosure. In the example of FIG.
13B, window selection GUI 14 includes stack 400 and stack
402. As in FIG. 13A, stack 400 is the primary stack and stack
402 is the secondary stack. Furthermore, FIG. 13B includes
visual indicators that are similar to those shown in FIG. 13A.
That is, FIG. 13B includes tilting of windows in stacks 400
and 402 to visually differentiate the windows from windows
in stacks 400 and 402 not having the particular relationship
with the head window of the primary stack (i.e., window
404). FIG. 13B shows that a window having the particular
relationship with the head window of the primary stack may
be in a secondary stack (e.g., stack 402).

FIG. 14A is a conceptual diagram illustrating an example
configuration of window selection GUI 14, in accordance
with an example of this disclosure. In the example of FIG.
14 A, window selection GUI 14 includes stack 450 and stack
452. Stack 450 is the primary stack and stack 452 is the
secondary stack. Window selection GUI 14 includes visual
indicators that visual differentiate windows in stack 450 and
stack 452 that have a particular relationship with a head
window of the primary stack (i.e., window 454) from
windows in stack 450 and stack 452 that do not have the
particular relationship with the head window of the primary
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stack. Particularly, in the example of FIG. 14A, the window
indicators have the form of horizontally displaced windows
in stacks 450 and 452. In the example of FIG. 14A, window
456 is horizontally displaced relative to other windows in
stack 450 to indicate that window 456 has a particular
relationship with the head window of the primary stack (i.e.,
window 454 in stack 450). In other examples, windows in a
stack that have the particular relationship with the head
window of the primary stack may be vertically displaced (or
displaced in another direction) relative to windows in the
stack that do not have the particular relationship with the
head window of the primary stack.

Hence, in the example of FIG. 14A and other examples of
this disclosure, computing device 2 may output, for display,
an arrangement of a set of windows organized into one or
more stacks. Furthermore, computing device 2 may deter-
mine that a first window (e.g., window 456) from the set of
windows has a particular relationship with a second window
(e.g., window 454) from the set of windows. In addition,
computing device 2 may output, responsive to the determin-
ing, and for display, a visual indication of the first window.
The first window is in a particular visual stack from the one
or more visual stacks. The visual indication of the first
window visually differentiates the first window from win-
dows from the set of windows not having the particular
relationship with the second window by virtue of the first
window being displaced within the particular visual stack
relative to each window in the particular visual stack that
does not have the particular relationship with the second
window.

FIG. 14B is a conceptual diagram illustrating an example
configuration of window selection GUI 14, in accordance
with an example of this disclosure. In the example of FIG.
14B, window selection GUI 14 includes stack 450 and stack
452. As in FI1G. 14A, stack 450 is the primary stack and stack
452 is the secondary stack. Furthermore, FIG. 14B includes
visual indicators that are similar to those shown in FIG. 14A.
That is, FIG. 14B includes horizontally displaced windows
in stacks 450 and 452 to visually differentiate the windows
that have the particular relationship with the head window of
the primary stack (i.e., window 454) from windows in stacks
450 and 452 that do not have the particular relationship with
the head window of the primary stack. FIG. 14B shows that
a window having the particular relationship with the head
window of the primary stack may be in a secondary stack
(e.g., stack 452).

FIG. 15 is a flowchart illustrating an example operation of
computing device 2, in accordance with an example of this
disclosure. In the example of FIG. 15, computing device 2
may receive an indication of user input to display window
selection GUI 14 (498). Responsive to the indication of user
input to display window selection GUI 14, computing
device 2 may determine windows having a particular rela-
tionship with a head window of a stack (500). In addition,
computing device 2 may output, for display, window selec-
tion GUI 14 such that window selection GUI 14 includes the
stack and a visual indicator of a window having the par-
ticular relationship with the current head window of the
stack (502).

In the example of FIG. 15, computing device 2 may
output, for display, visual indicators of windows having the
particular relationship with the head window of the stack
automatically. In other examples, computing device 2 may
output the visual indicators in response to receiving an
indication of user input to display such visual indicators. For
example, computing device 2 may determine that a first
window has the particular relationship with a second win-
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dow (e.g., the head window of the stack). In this example,
computing device 2 may output, for display, the arrangement
of the set of windows organized into the one or more visual
stacks without including the visual indication of the first
window. Furthermore, in this example, while the arrange-
ment of the set of windows organized into the one or more
visual stacks is displayed without the visual indication of the
first window, computing device 2 may receive an indication
of a user input. In this example, responsive to the indication
of the user input, computing device 2 may output, for
display, the visual indication of the first window.

In the example of FIG. 15, while window selection GUI
14 is displayed, computing device 2 may receive an indi-
cation of user input (504). Furthermore, in the example of
FIG. 15, computing device 2 may determine whether the
user input is to exit window selection GUI 14 (506).
Responsive to determining that the user input is to exit
window selection GUI 14 (“YES” branch of 506)), comput-
ing device 2 may output window utilization GUI 10 such
that window utilization GUI 10 includes the current head
window of the stack, and no other windows of the stack
(508). In this way, responsive to receiving an indication of
a user input, computing device 2 may output, for display, in
place of a particular visual stack from the one or more visual
stacks, an enlarged version of a head window of the par-
ticular visual stack. The enlarged version of the head win-
dow may be enlarged relative to the version of the head
window as shown in the particular stack.

On the other hand, responsive to determining that the user
input is not to exit window selection GUI 14 (“NO” branch
01'506), computing device 2 may determine whether the user
input comprises a swipe gesture (510). For instance, com-
puting device 2 may determine whether the user input
comprises an upward or downward swipe gesture. Respon-
sive to determining that the user input comprises a swipe
gesture (“YES” branch of 510), computing device 2 may
designate (e.g., set) a different window of the stack as the
current head window of the stack (512). In some examples,
computing device 2 may designate different windows of the
stack as the current head window of the stack depending on
a direction of the swipe gesture. For example, if the direction
of the swipe gesture is generally upward, computing device
2 may set a tail window of the stack as the current head
window of the stack. In this example, if the direction of the
swipe gesture is generally downward, computing device 2
may set the window beneath the current head window of the
stack as the new current head window of the stack. A similar
example involves swipe gestures in leftward and rightward
directions.

In the example of FIG. 15, responsive to determining that
the user input does not comprise a swipe gesture (“NO”
branch of 510), computing device 2 may determine whether
the user input comprises a selection of a related window in
the stack (514). Responsive to determining that the user
input does not comprise a selection of a related window in
the stack (“NO” branch of 514), computing device 2 may
wait to receive additional user input (504). In other
examples, computing device 2 may perform other functions
in response to determining that the user input does not
comprise a selection of a related window in the stack.

For example, computing device 2 may output, for display
in window selection GUI 14, a label to indicate that the
related window in the stack is related to the head window of
the stack. In this example, computing device 2 may deter-
mine that the user input comprises a selection of the related
window when the user input comprises a selection of the
label. In another example, computing device 2 may output,
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for display in window selection GUI 14, the related window
in the stack such that the related window is tilted or
displaced relative to non-related windows in the stack.
Because the related window is tilted or displaced relative to
non-related windows in the stack, there may be an area at
which the user can perform a tapping gesture on the related
window to select the related window. Responsive to deter-
mining that the user input comprises a selection of the
related window (“YES” branch of 514), computing device 2
may designate (e.g., set) the related window as the current
head window of the stack (516). Furthermore, in some
examples, when the user input comprises a selection of the
related window, computing device 2 may designate the
previous head window of the stack as the second highest
window in the stack.

In the example of FIG. 15, after designating (e.g., setting)
a window as the head window of the stack in actions 512 or
516, computing device 2 may determine windows from the
stack having a particular relationship with the current head
window of the stack (518). Computing device 2 may output,
for display, window selection GUI 14 such that the current
head window of the stack is shown as the current head
window of the stack and such that window selection GUI 14
include visual indicators of windows having the particular
relationship with the current head window of the stack (520).
In this way, a particular window may be the head window of
a particular visual stack from the one or more visual stacks
and computing device 2 may receive an indication of a user
input. Responsive to the indication of the user input, com-
puting device 2 may output, for display, the particular visual
stack such that another window in the particular visual stack
is visually indicated as currently being the head window of
the particular visual stack. After performing action 520,
computing device 2 may wait to receive an addition indi-
cation of user input (504) and the operation of FIG. 15 may
continue.

FIG. 16 is a flowchart illustrating an example operation of
computing device 2, in accordance with an example of this
disclosure. In the example of FIG. 16, computing device 2
may output an arrangement of a set of windows organized
into one or more stacks (550). Each respective stack from
the one or more stacks may comprise a respective subset of
the set of windows sequenced based on a characteristic.
Furthermore, computing device 2 may determine that a first
window from the set of windows has a particular relation-
ship with a second window from the set of windows,
wherein the particular relationship is not based on the
characteristic (552). Computing device 2 may output,
responsive to the determining, a visual indication of the first
window (554). The visual indication of the first window
visually differentiates the first window from windows from
the set of windows do not have the particular relationship
with the second window. Although FIG. 16 shows actions
550 and 552 as occurring separately, in some examples
actions 550 and 552 may occur concurrently, such that
computing device 2 outputs the visual indication for display
at the same time that computing device 2 outputs that
arrangement of the set of windows for display.

FIG. 17 is a flowchart illustrating an example operation of
computing device 2, in accordance with an example of this
disclosure. The example operation of FIG. 17 may be
consistent with the example user interface configurations
shown in FIGS. 10A-10C. That is, the example of FIG. 17
may enable a user to instruct computing device 2 to output,
for display, a stack of windows that each have a particular
relationship to a currently displayed window. In this
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example, the user may select, from the stack, one of the
windows to be displayed concurrently alongside the current
window.

In the example of FIG. 17, window management module
6 may output, for display, a current window (600). For
instance, in the example of FIG. 10A, window management
module 6 may output window 320 for display. Furthermore,
in the example of FIG. 17, window management module 6
may receive an indication of a user input (602). For instance,
window management module 6 may receive an indication of
a multi-touch gesture, a “pushing” gesture, or another type
of gesture.

Responsive to receiving the indication of the user input,
window management module 6 may determine whether the
user input is directed to a user interface feature of the current
window (604). For instance, in the example of FIG. 10A,
window management module 6 may determine whether the
user input is directed to one of the onscreen buttons of
window 320 (e.g., the new mail button, the search button,
the more options control, etc.). Responsive to determining
that the user input is directed to a user interface feature of the
current window (“YES” branch of 604), window manage-
ment module 6 may provide an appropriate event to a
process associated with the current window (606). For
instance, in the example of FIG. 10A, window management
module 6 may provide an event to an email application. The
event may provide information about the user input.

On the other hand, in response to determining that the user
input is not directed to a user interface feature of the current
window (“NO” branch of 604), window management mod-
ule 6 may determine whether the user input comprises a
whistle gesture directed at the current window (608). For
instance, window management module 6 may determine
whether the user input comprises a multi-touch gesture
directed at a location at which a user perceives the current
window to be displayed. A multi-touch gesture may be a
gesture concurrently involving two or more input objects
(e.g., styli, fingers, etc.). For example, window management
module 6 may determine that the user input comprises a
whistle gesture when the user input comprises a linear
movement of three fingers across a location at which the user
perceives the current window to be displayed.

Responsive to determining that the user input does not
comprise a whistle gesture directed at the current window
(“NO” branch of 608), window management module 6 may
receive another indication of user input (602) and the
operation of FIG. 17 may continue. In other examples,
window management module 6 may provide other function-
ality when the user input is not directed to a user input
feature of the current window or the user input does not
comprise a whistle gesture directed at the current window.

However, in response to determining that the user input
comprises a whistle gesture directed at the current window
(“YES” branch of 608), window management module 6 may
determine, based on the user input, a particular relationship
associated with the whistle gesture (610). For example,
different relationships may be associated with different
whistle gestures. In this example, an upward movement of
three fingers may be associated with a first relationship and
a downward movement of three fingers may be associated
with a second, different relationship. Furthermore, window
management module 6 may determine windows having the
particular relationship with the current window (612).
Because different windows may have different relationships
with the current window, window management module 6
may determine different sets of windows for different
whistle gestures. For ease of explanation, this disclosure
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may refer to the windows having the particular relationship
with the current window as the “related windows.”

In addition, window management module 6 may output,
for display, the current window concurrently with a stack
comprising the related windows (614). While current win-
dow and the stack are displayed concurrently, window
management module 6 may receive an indication of user
input (616). Subsequently, window management module 6
may determine whether the user input is a swipe gesture
directed to the stack (618). Responsive to determining that
the user input is a swipe gesture directed to the stack (“YES”
branch of 618), window management module 6 may desig-
nate (e.g., set) a different window of the stack as the current
head window of the stack (620). For instance, prior to
designating (e.g., setting) the different window as the head
window, the different window may have been the tail
window of the stack or the next highest window of the stack.
In addition, window management module 6 may output, for
display, the different window as the head window of the
stack (622). In other examples, window management mod-
ule 6 may perform actions 618-622 with respect to other
types of user input. Window management module 6 may
then receive an additional indication of user input (616).

On the other hand, in response to determining that the user
input is not a swipe gesture directed to the stack (“NO”
branch of 618), window management module 6 may deter-
mine whether the user input is to exit the window selection
interface containing the stack (624). Responsive to deter-
mining that the user input is to exit the window selection
interface containing the stack (“YES” branch of 624), win-
dow management module 6 may output, for display, a
window utilization GUI that includes the current window
and the head window of the stack concurrently (626). In this
way, the user may be able to use the current window and the
head window of the stack in a split-screen fashion. For
instance, in the example of FIG. 10C, the user may be able
to use window 324 and window 320 concurrently in a
split-screen fashion. Subsequently, window management
module 6 may receive an indication of additional user input
(600), and the example operation of FIG. 17 may continue.

Thus, in the example of FIG. 17, computing device 2 may
output, for display, a first window. Responsive to receiving
an indication of a first user input directed to the first window,
computing device 2 may determine, based on the first user
input, a relationship. In addition, computing device 2 may
determine a plurality of windows having the relationship
with the first window. Furthermore, computing device 2 may
output, for display, a visual stack of the windows that have
the relationship with the window. In addition, computing
device 2 may receive an indication of a second user input.
Responsive to receiving the indication of the second user
input, computing device 2 may output, for display, the first
window and a head window of the visual stack concurrently
and without outputting the visual stack for display.

FIG. 18A is a conceptual diagram illustrating an example
configuration of window selection GUI 14, in accordance
with an example of this disclosure. In the example of FIG.
18A, window selection GUI 14 includes a stack 700.
Although not shown in the example of FIG. 18A, window
selection GUI 14 may include one or more stacks in addition
to stack 700. Stack 700 includes windows 702, 704, 706, and
708. Window 702 is the head window of stack 700.

In the example of FIG. 18A, window 706 has a particular
relationship with the head window of stack 700 (i.e., win-
dow 702). Accordingly, computing device 2 may output, for
display, a visual indication that that window 706 has the
particular relationship with the head window of stack 700.
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Particularly, in the example of FIG. 18A, the visual indica-
tion visually differentiates window 706 from other windows
in stack 700 by virtue of window 706 being tilted relative to
the other windows in stack 700. In other examples, the visual
indication may otherwise visually differentiate windows
having the particular relationship with the head window of
stack 700.

In some instances, the user may want to hide windows in
stack 700 that do not have the particular relationship with the
head window of stack 700. This may allow the user to more
quickly find a desired window from among the windows
having the particular relationship with the head window of
stack 700. Accordingly, computing device 2 may, responsive
to receiving an indication of a user input, output window
selection GUI 14 for display such that stack 700 only
includes the head window of stack 700 and windows having
the particular relationship with the head window of stack
700.

FIG. 18B is a conceptual diagram illustrating an example
configuration of window selection GUI 14 in which win-
dows not having the particular relationship with the head
window of stack 700 are hidden, in accordance with an
example of this disclosure. In the example of FIG. 18A, only
window 706 has the particular relationship with the head
window of stack 700 (i.e., window 702). Hence, in the
example of FIG. 18B, only windows 702 and 706 are shown
in stack 700. Windows 704 and 708 are hidden.

In this way, a particular visual stack (e.g., stack 700) from
one or more visual stacks may include one or more windows
having the particular relationship with a particular window
(e.g., window 702) and one or more windows not having the
particular relationship with the particular window. Respon-
sive to receiving an indication of a user input, computing
device 2 may output the particular visual stack for display
such that the particular visual stack only includes the par-
ticular window and the one or more windows having the
particular relationship with the particular window.

Computing device 2 may output window selection GUI
14 for display such that stack 700 only includes the head
window of stack 700 and windows having the particular
relationship with the head window of stack 700 in response
to indications of various types of user input. Such types of
user input may include swipe gestures, tap gestures, press-
and-hold gestures, keyboard or button input, voice input,
and so on.

This disclosure includes various examples in which com-
puting device 2 receives indications of user input. In some
such examples, the user input may comprise gestures, such
as multi-touch gestures, swipe gestures, “push” gestures,
and so on. In at least such examples, equivalent examples
may exist in which voice commands are employed in place
of gestures. Furthermore, this disclosure includes examples
where windows are included in a window utilization GUI
(e.g., window utilization GUI 10). Similar examples may be
provided in which, instead of such windows being included
the window utilization GUI, the windows are displayed such
that the user interface features of the windows are enabled
for use by a user or the windows are otherwise displayed
outside the context of a user interface for selecting windows.

In one or more examples, the functions described may be
implemented in hardware, software, firmware, or any com-
bination thereof. If implemented in software, the functions
may be stored on or transmitted over, as one or more
instructions or code, a computer-readable medium and
executed by a hardware-based processing unit. Computer-
readable media may include computer-readable storage
media, which corresponds to a tangible medium such as data
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storage media, or communication media including any
medium that facilitates transfer of a computer program from
one place to another, e.g., according to a communication
protocol. In this manner, computer-readable media generally
may correspond to (1) tangible computer-readable storage
media which is non-transitory or (2) a communication
medium such as a signal or carrier wave. Data storage media
may be any available media that can be accessed by one or
more computers or one or more processors to retrieve
instructions, code and/or data structures for implementation
of the techniques described in this disclosure. A computer
program product may include a computer-readable medium.

By way of example, and not limitation, such computer-
readable storage media can comprise RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage, or other magnetic storage devices, flash
memory, or any other medium that can be used to store
desired program code in the form of instructions or data
structures and that can be accessed by a computer. Also, any
connection is properly termed a computer-readable medium.
For example, if instructions are transmitted from a website,
server, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and micro-
wave, then the coaxial cable, fiber optic cable, twisted pair,
DSL, or wireless technologies such as infrared, radio, and
microwave are included in the definition of medium. It
should be understood, however, that computer-readable stor-
age media and data storage media do not include connec-
tions, carrier waves, signals, or other transient media, but are
instead directed to non-transient, tangible storage media.
Disk and disc, as used herein, includes compact disc (CD),
laser disc, optical disc, digital versatile disc (DVD), floppy
disk and Blu-ray disc, where disks usually reproduce data
magnetically, while discs reproduce data optically with
lasers. Combinations of the above should also be included
within the scope of computer-readable media.

Instructions may be executed by one or more processors,
such as one or more digital signal processors (DSPs),
general purpose microprocessors, application specific inte-
grated circuits (ASICs), field programmable logic arrays
(FPGAs), or other equivalent integrated or discrete logic
circuitry. Accordingly, the term “processor,” as used herein
may refer to any of the foregoing structure or any other
structure suitable for implementation of the techniques
described herein. In addition, in some aspects, the function-
ality described herein may be provided within dedicated
hardware and/or software modules. Also, the techniques
could be fully implemented in one or more circuits or logic
elements.

The techniques of this disclosure may be implemented in
a wide variety of devices or apparatuses, including a wire-
less handset, an integrated circuit (IC) or a set of ICs (e.g.,
a chip set). Various components, modules, or units are
described in this disclosure to emphasize functional aspects
of devices configured to perform the disclosed techniques,
but do not necessarily require realization by different hard-
ware units. Rather, as described above, various units may be
combined in a hardware unit or provided by a collection of
interoperative hardware units, including one or more pro-
cessors as described above, in conjunction with suitable
software and/or firmware.

Various examples have been described. These and other
examples are within the scope of the following claims.
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The invention claimed is:
1. A method comprising:
outputting, by a computing device, for display, a first
arrangement of a set of windows organized into at least
two visual stacks, wherein:
each respective visual stack from the at least two visual
stacks comprises a respective subset of the set of
windows sequenced based on a characteristic,
a first stack from the at least two visual stacks com-

5

prises a first window from the set of windows, and a 10

second stack from the at least two visual stacks
comprises a second window from the set of win-
dows, and
the second stack is separate from the first stack;
determining, by the computing device, that the first win-
dow has a particular relationship with the second
window, wherein the particular relationship is not
based on the characteristic; and

responsive to determining that the first window has the

particular relationship with the second window and
responsive to receiving, by the computing device, an
indication of a user input associated with the second
window, outputting, by the computing device, for dis-
play, a second arrangement of the set of windows
organized into the at least two visual stacks, the second
arrangement including a visual indication of the first
window that visually indicates that the first window has
the particular relationship with the second window and
visually differentiates the first window from other win-
dows from the first stack that do not have the particular
relationship with the second window from the second
stack, wherein the visual indication of the first window
tilts the first window relative to each of the other
windows in the first stack that do not have the particular
relationship with the second window.

2. The method of claim 1, further comprising:

designating, by the computing device, the second window

as a head window of the second stack, wherein deter-
mining that the first window has the particular relation-
ship with the second window comprises, responsive to
designating the second window as the head window of
the second stack, determining whether the first window
has the particular relationship with the second window.

3. The method of claim 2, further comprising:

responsive to receiving an indication of additional user

input, outputting, by the computing device, for display,
in place of the second stack, an enlarged version of the
head window of the second stack.

4. The method of claim 2, the method further comprising:

receiving, by the computing device, an indication of

additional user input; and

responsive to the indication of the additional user input,

outputting, by the computing device, for display, the
second stack such that the second window is visually
indicated as currently being the head window of the
second stack.

5. The method of claim 1, further comprising:

responsive to receiving an indication of additional user

input, outputting, by the computing device, for display,
in place of the at least two visual stacks, an enlarged
version of a head window of the first visual stack and
an enlarged version of a head window of the second
visual stack.

6. The method of claim 1, wherein two windows have the
particular relationship if the computing device opened one
of'the two windows in response to an indication of additional
user input directed to the other one of the two windows.
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7. The method of claim 1, wherein two windows have the
particular relationship if the two windows contain related
subject matter.

8. The method of claim 1, further comprising:

outputting, by the computing device, for display, the first

arrangement of the set of windows organized into the at
least two visual stacks without including the visual
indication of the first window;

while the first arrangement of the set of windows orga-

nized into the at least two visual stacks is output for

display without the visual indication of the first win-
dow, receiving, by the computing device, the indication
of the user input associated with the second window.

9. The method of claim 1, further comprising:

further responsive to determining that the first window

has the particular relationship with the second window,

outputting, by the computing device, for display, a

visual indication of the second window, wherein the

visual indication of the first window and the visual
indication of the second window visually differentiate
the first window and the second window from the other
windows from the first stack and other windows from
the second stack that do not have the particular rela-
tionship with the first window and the second window.

10. The method of claim 1, wherein the visual indication
of the first window comprises a textual label that indicates
that the first window has the particular relationship with the
second window.

11. The method of claim 1, wherein the visual indication
of the first window visually differentiates the first window
from the other windows from the first stack that do not have
the particular relationship with the second window by virtue
of the first window being displaced within the first stack
relative to each of the other windows in the first stack that
does not have the particular relationship with the second
window.

12. The method of claim 1, wherein the characteristic is
recentness of use of the set of windows.

13. The method of claim 1, wherein the second stack
includes additional windows from the second stack having
the particular relationship with the second window in addi-
tion to other windows from the second stack not having the
particular relationship with the second window, the method
further comprising:

responsive to receiving the indication of the user input

associated with the second window, outputting, by the
computing device, for display, the second stack such
that the second stack only includes the second window
and the additional windows having the particular rela-
tionship with the second window.

14. A computing device comprising one or more proces-
sors configured to:

output, for display, a first arrangement of a set of windows

organized into at least two visual stacks, wherein:

each respective visual stack from the at least two visual
stacks comprises a respective subset of the set of
windows sequenced based on a characteristic,

a first stack from the at least two visual stacks com-
prises a first window from the set of windows, and a
second stack from the at least two visual stacks
comprises a second window from the set of win-
dows, and

the second stack is separate from the first stack;

determine that the first window has a particular relation-

ship with the second window, wherein the particular
relationship is not based on the characteristic;
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receive an indication of a user input associated with the

second window; and

responsive to determining that the first window has the

particular relationship with the second window and
responsive to receiving the indication of the user input
associated with the second window, output, for display,
a second arrangement of the set of windows organized
into the at least two visual stacks, the second arrange-
ment including a visual indication of the first window
that visually indicates that the first window has the
particular relationship with the second window and
visually differentiates the first window from other win-
dows from the first stack that do not have the particular
relationship with the second window from the second
stack, wherein the visual indication of the first window
tilts the first window relative to each of the other
windows in the first stack that do not have the particular
relationship with the second window.

15. The computing device of claim 14, wherein the one or
more processors are further configured to:

designate the second window as a head window of the

second stack; and

responsive to designating the second window as the head

window of the second stack, determine whether the first
window has the particular relationship with the second
window.

16. The computing device of claim 15, wherein the one or
more processors are further configured to responsive to
receiving an indication of additional user input, output, for
display, in place of the second stack, an enlarged version of
the head window.

17. A non-transitory computer-readable data storage
medium having instructions stored thereon that, when
executed by one or more processors of a computing device,
cause the computing device to:
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output, for display, a first arrangement of a set of windows

organized into at least two visual stacks, wherein:

each respective visual stack from the at least two visual
stacks comprises a respective subset of the set of
windows sequenced based on a characteristic,

a first stack from the at least two visual stacks com-
prises a first window from the set of windows, and a
second stack from the at least two visual stacks
comprises a second window from the set of win-
dows, and

the second stack is separate from the first stack;

determine that the first window has a particular relation-

ship with the second window, wherein any two win-
dows in the set of windows have the particular rela-
tionship if the computing device opened one of the two
windows in response to an indication of user input
directed to another one of the two windows; and

responsive to determining that the first window has the

particular relationship with the second window and
responsive to receiving an indication of a user input
associated with the second window, output, for display,
a second arrangement of the set of windows organized
into the at least two visual stacks, the second arrange-
ment including a visual indication of the first window
that visually indicates that the first window has the
particular relationship with the second window and
visually differentiates the first window from other win-
dows from the first stack that do not have the particular
relationship with the second window from the second
stack, wherein the visual indication of the first window
tilts the first window relative to each of the other
windows in the first stack that do not have the particular
relationship with the second window.
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